Considerable amounts of immunoglobulin G (IgG) antibody appeared in hyperimmune rabbit serum at a late period during a course of immunization with several injections of Shigella flexneri 0 antigens. High yields of IgG antibody possessing homogeneous specificity could be fractionated from crude gamma-globulin solution on a diethylaminoethyl-Sephadex column with 0.02 M phosphate buffer (pH 6.6) containing 0.1 M NaCl. Specificities of IgG antibodies for six serotypes of S. flexneri were demonstrated to be high as compared with those of whole sera and their IgM antibodies. Type-specific factors for antigens I to VI were shown in each IgG fraction according to serotype employed. Further, in most sera, subtype-specific factors could be detected in the IgG fraction. These results suggest that it would be desirable to use IgG antibodies for the typing of S. flexneri.
The antigenic structure of Shigella flexneri presents a complicated pattern, and several confusing systems of classification and terminology have arisen. To date six type-specific antigens have been recognized by means of absorbed antisera. The present procedures are based upon the methods summarized by Edwards and Ewing (5) . Recently, we observed that antibody activities in the sera obtained by immunization of rabbits with some serotypes of S. flexneri appeared in both immunoglobulin M (IgM) and immunoglobulin G (IgG) fractions of antisera. [The nomenclature used in this report is that recommended by the World Health Organization (Bull. Wld. Hth. Org. 30:447, 1964 ).] The specificities of these two types of immunoglobulins differed significantly from each other, with high specificity of IgG and a low specificity of IgM (18) . Similar evidence has been shown in antibodies for Candida albicans (6) .
Concerning antibody formation, it has been reported that time (14) (15) (16) 20) , dosage (19) , and intensity of immunization (14) are important factors influencing the types of antibodies produced. These facts suggest that a specific antibody class of IgG, when produced adequately, might be of value in preparing the specific factors for the typing of S. flexneri, since IgG antibody might be expected to minimize cross-reactions against other S. flexneri serotypes. The present paper describes the mode of induction of the two types of antibodies during a course of immunization, a comparison of specificity of sera were made in a volume of 0.5 ml, and an equal volume of bacterial cell suspension at a concentration equivalent to McFarland's standard no. 3 was added to each tube. Agglutinin titers were recorded after incubating the tubes at 37 C for 2 hr and then at 4 C for 18 hr. Slide agglutination test. The test was performed by the use of a glass plate containing wells. One drop of heavy bacterial suspension prepared at a concentration of one volume of heated packed cells in one volume of formalinized saline was added to approximately 0.05 ml of absorbed antiserum placed in a glass plate well. Slide agglutination reaction was determined after mixing no longer than 1 min and was recorded as 0, 1, 2, and 3.
Agglutinin absorption test. Bacterial cells to be used for absorption were heated at 37 C for 2 hr. After centrifugation, approximately two volumes of fractionated antibody which was adjusted to 1:160 in agglutinin titer was added to the packed cells. The mixture was incubated at 37 C for 1 hr and then at 4 C for 30 min.
Preparation of antibody fractions. Whole serum was fractionated by the gel filtration method (9) for the comparative study of specificity of two types of antibodies. The gel was equilibrated with 0.2 M tris-(hydroxymethyl) aminomethane-0.5 M glycine-hydrochloride buffer (pH 8.0) containing 0.2 M NaCl, and the gel was poured into a chromatographic column (2.5 by 45 cm). Chromatographic experiments were carried out at 4 C, at a flow rate of 5 to 10 ml/hr. A 2-ml amount of whole serum was applied to the column.
To obtain a relatively large amount of IgG for absorption experiments, diethylaminoethyl (DEAE)-Sephadex column chromatography was carried out for separation of IgG directly from a crude gammaglobulin solution obtained by half-saturated ammonium sulfate precipitation. After activating with 0.5 M NaOH, the gel was treated with the initial eluant, 0.02 M phosphate buffer (pH 6.6), until equilibrium was attained. The equilibrated ion exchanger was packed into a chromatographic tube (1.0 by 45 cm), and 5 to 10 ml of each sample containing 1 to 2% protein was applied to the column.
Electrophoresis. The electrophoretic mobility of each fraction was demonstrated by cellulose acetate electrophoresis by the method of Kohn (10) . Veronal buffer (pH 8.6, 0.06 ,u ionic strength), cellulose acetate (Millipore Corp., Bedford, Mass.) as the supporting medium, and staining with Ponceau 3R were used. Immunoelectrophoresis on a glass slide was carried out by the micromethod of Scheidegger (17) .
RESULTS
Mode of antibody production in rabbits after intravenous injections with S. flexneri la. Production of IgM and IgG antibodies with agglutinin activities was studied in connection with the time of immunization. Two rabbits were inoculated intravenously five times with heated cells of S. flexneri la at 3-day intervals (Fig. 1 ). Agglutinins appeared in the blood of rabbits within 4 days after the first injection and reached a peak on the 12th day; they then declined slowly. Patterns of the two types of immunoglobulins produced at each period of immunization were analyzed by tube agglutinations after gel filtration through a column of Sephadex G-200. The 19S (IgM) antibody appeared at an early period during immunization and was the predominant antibody until the 16th day. The 7S (IgG) antibody was produced slowly and became the predominant antibody after the 30th day. Approximate proportions of 19S (IgM) to 7S (IgG) antibodies in the antisera at several periods were determined by measuring their agglutinin antibody activities. These were compared with corresponding fractions PI and PII after being passed through a Sephadex G-200 column (Fig. 2) . These proportions, related to the duration of immunization, even if the general agglutinin titers were nearly the same as shown in antisera on the 8th and 23rd days.
Specificities of the two types of antibodies fbr Shigella flexneri la. Based upon previous experiments (18) Demonstration of type-or subtype-specific factors in IgG fractions of several antisera to S. flexneri. The IgG fraction from each of six anti-S. flexneri serotype sera was used for demonstration of the type-specific factors by absorption with appropriate antigens. Before absorption, slide agglutination patterns of whole serum and their IgM and IgG fractions which had been adjusted to yield agglutinin titers at 1:160 dilution against homologous serotypes were examined for the comparison of their specificities. Among three antibody samples in anti-S. flexneri la serum, it was shown that the most specific antibody was IgG, because it did not cross-react with S. flexneri 2a, 2b, and 6 in slide agglutination. Antibody factor for type antigen I was readily obtainable from IgG of anti-S. flexneri la serum by a single absorption with S. flexneri Y ( Table 2 , experiment 1-2). Type-specific factor I was reabsorbed with S. flexneri 1 b, and mono-specific antibody to homologous serotype was detected.
These results, together with results obtained by previous absorption of antibodies for S. flexneri lb (18) , indicate that type antigen I is heterogeneous within subtypes and suggest that independent antigens in addition to antigen I exist in S. flexneri la and lb. Similarly, in the IgG antibody obtained from anti-S. flexneri 2b serum, it was observed that the most specific antibody was also IgG as compared to antibodies of whole serum and its IgM fraction, thus demonstrating less cross-reactivity with heterologous serotypes of S. flexneri without absorption in the slide agglutination ( Table 2 , experiment 2-1). Antibody factor for type antigen II was obtainable from IgG in anti-S. flexneri 2b serum by a single absorption with S. flexneri 3a ( Table 2 , experiment 2-2). However, type-specific factor II was further divided into subfactors specific for homologous serotype S. flexneri 2b by absorption with S. flexneri 2a. These results indicate that IgG obtained from anti-S. flexneri 2b was the most specific antibody fraction and that S. flexneri 2a and 2b were heterogeneous serotypes when examined with IgG antibody, although both are classified as serotype II. In the antibody fractions in anti-S. flexneri 3a serum, it was shown that the most specific antibody was IgG also, but the remarkable difference of specificities was not shown for this system (Table 2, experiment 3-1). Antibody factor for type antigen III was obtained from IgG of anti-S. flexneri 3a serum by a single absorption with S.flexneri l b ( Table 2, experiment 3-2). Subfactor-specific antibody for the homologous serotype was not detected in this system when type factor was reabsorbed with S. flexneri 3b. In the antibodies for S. flexneri 4b, a higher specificity of IgG antibody was also shown ( Table  2 , experiment 4-1), and type-specific factor IV as well as subtype-specific factor for S. flexneri 4b were demonstrated in IgG fraction (Table 2 , experiment 4-2).
In the subsequent experiments on anti-S. flexneri 5 and 6 sera, a high specificity of IgG of both antisera was clearly shown with nonabsorbed fraction or fractions ( Table 2, Similarly, type-specific factor VI was readily demonstrated in IgG of anti-S. flexneri 6 serum by absorption with S. flexneri la ( antigens elicited exclusively y M antibody (1, 12, 13) and that considerable amounts of y G were also demonstrated when large amounts of antigens were injected for longer periods of time (14) (15) (16) 20 The results of antibody responses to S. flexneri showed that antigens of S. flexneri la elicited the immunoglobulin of 19S class very earls in the course of immunization, and that proportions of 19S to 75 antibody activities decreased after several injections, demonstrating initial 19S antibody synthesis followed by 7S antibody. However, agglutinin titers showed a tendency to decline in response to additional injection after reaching a peak titer. This might be explained by feedback suppression (2) . By using whole serum for serological analyses, it was noted that antisera with the same antibody titers could consist of 19S and 7S antibodies in different proportions, corresponding to the intensity or duration of immunization employed. Therefore, to obtain high IgGcontaining antiserum it is clearly suggested that a few additional injections and an appropriate delay before bleeding might be required after attainment of the maximum antibody titer. Iti this The role of different immunoglobulins in immunological specificity has received attention in only a few reports of antibodies for viruses (3, 8, 11, 21) . We reported significant differences of specificities between IgM and IgG antibodies for each of S. flexneri lb and S. flexneri 2a (18) . Evidence of different specificities of immunoglobulins in the same sera was shown in the present study by the fact that lower specificities for IgM and higher specificities for IgG could be demonstrated. These results were similar in the six systems of S. flexneri la, 2b, 3a, 4b, 5, and 6, either by tube-agglutination or slide-agglutination patterns.
Recently, Westaway (21) 
